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INTRODUCTION 



A report was recently issued covering an investiga- 
tion of the bearing properties of the wrought aluminum 
alloys commonly used in aircraft construction (reference 1 
Since this 'Work was undertaken, two new materials, XA75S— T 
and 24S— T81 , have been developed to the commercial stage 
for aircraft use. The object' of this investigation was 
to determine the bearing yield and ultimate strengths of 
these new materials in the form of bare and ale lad sheet, 

PROCEDURE AND MATERIAL 

• 

The test procedure used in these determinations was 
the same as that previously described (reference 1)T 
Figure 1 is a photograph of the tes.t Betup, Briefly, the 
t est s "involved loading single thicknesses of 0.064— inch 
sheet , 2-iaohdB wide and cut parallel to the direction of 
rolling, in bearing on a 0, 250— inch— diameter s'teel pin. 
The proportions of specimens used were the Bame as founj 
to be satisfactory in previous tests. Measurements 6f 
the hole elongation were made with a filar micrometer 
microscope. Tests were made in triplicate for edge 
distances of 1,5, "3, and' 4 times the pin diameter. 

The material used for these te'sts was nominally 
0.064— inch sheet. The 24S— T81 samples were commercial 
24S— T sheet which had been artificially aged -12 hours 
at 375°E. 

Tensile properties for the material are shown "in 
table I. The values given may,- with one exception, be 
classed as typical. The exception was the alclad 24 S— T81 , 
for . which the tensile strength was about 1 percent lower 
than the tentative minimum value. This difference was 
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not considered sufficient, however, to affect the ratios 
of bearing to tensile properties determined. 



RESULTS AND DISCUSSION 



Individual Dearing test results are shown in table 
II. The hearing yield strength values were obtained from 
the hearing stress— hole elongation curves shown in figure~B 
2 to 5, using an Offset from the initial straight— line 
portion of the curves equal to 2 percent of the pin diam- 
eter (0.005 in.). Indicated also in table II are the 
types of failure obtained, failures' by the tearing out 
of— a. portion of the sheet above the pin wore predominate 
f or edge distances of 1,6 and 2 pin diameters and by up- 
setting or crushing the metal above the pin f-or edge dis- 
tances of 4. diameters. 

Ratios of average bearing to tonsilo proporties aro 
shown in tablo III, The ratios for both forms of 2AS-T81 
aro in generally good agreement with thoso obtained for 
24S— T and the other high strength aluminum alloys in 
previous tests (reference 1). Although the ratios for 
the XA75S— T "are slightly higher in most casos than for 
the 24S— T81 , it seems advisablo and not unduly conserva- 
tive to placo XA75S— T in t~ho same class as 24S— T81 and 
the Other high ' strongt'h alloys , as far as ratios of 
bearing to tensile' properties aro concornod. The fol- 
lowing ratios aro proposed as typical for thoso -nowor 
mat erials . 



T3dgo distanco = 
1.5D 2.0D or groator 



Bearing strength 1,5 : 1,9 

Tonsilo stro'ngth 

Bearing yiel d s trength ^ ^ 16' 
Tonsilo yield strongth 

— — - - -v — « 

In the report previously roforrod to theso ratios 
aro idontical to thoso suggestod for tho other high 
strength aluminum alloys. Although bearing yield and 
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ultimate stfengths do not show marfcei directional char- 
act er i st ics ,■ it should be emphasized, as before, that lihe 
ratios given are "based on tests parallel to the direction 
of rolling. and should be applied only to "tensile properties 
for this direction. This dist incll'on is , of . covirse , not 
necessary in" the case of the 24.S— T81 because this alloy 
does not exhibit directional character istics . in e~ither 
bearing or tension. 

CONCLUSIONS • 



The results of this investigation of the bearing 
properties of bare and alclad XA75S— T and 24-S— T81 sheet 
seem to warrant the following conclusions: . 

1. The bearing stre.ngth data obtained in this 
investigation are representative of materials failing 
within the. tentat ive specified limits for commercial 
production. Table I gives a summary of tensile pro- 
perties and table II gives the results of the bearing 
tests. 

2. Average ratios of bearing .to tensile strengths 
and bearing yield to tensile yield strengths are given 
in .table. III fpr tests, parallel to the direction of 
rolling. The ratios observed for .the tw.o forms of 

24.S— T81 are essentially the same as previously reported" 
for 24S— I, and- -the other high strength aluminum alloys. 
The ratios for the XA75.S— .T !.are s-llghfly higher, in 'most 
cases than for the 24S— T81, although, until more data 
are available, it is believed that the same ratios of 
bearing strengths to tensile strengths should be used. 

3. The following ratios of bearing to tensile 
properties are proposed as typical for bare and alclad 
XA75S— T and 24S-T81 sheet. Although bearing yield and 
ultimate strengths do not Bhow marked directional char- 
acteristics, it should be emphasized that when directional 
properties exist in tension* the ratios given apply only 
to the with— grain direction. 
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Soa r ing Btr e ngth 
Tensile strength 



Bdge distance = 
1.5D 3, OD or groat er 

1,5 1.9 



Bearing yield strength , ■ 

Tensile yield strength ' * 



Aluminum Research Laboratories ,• 

Aluminum Company of "America, " ' 

New Kensington, Pa. August 11 , 194 3. 
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TABLE- 1.- TENSILE PROPERTIES OF XA.75S-T AND 24S-TS1 

SHEET USED FOR HEARING- TESTS' 
[[Nominal thickness, 0.064- in. ] 



Alloy, and 
temper 


Sample 
number 


Ultimate 
strength 
(lb/sq in.) 


Yield 
strength 
(offset = 
0,2 Tiercent) 
(lb/sq in.) 


Elongation 

in 2 in. 
(percent) 


XA.75S-T i 


5261S 


72, 500 


63, SOO 


lh.o 


Alclad XA.75S-T 


52611 


72/200 


62,100 


13.0 


24-S-TSl 


59321 


72, 200 


65,100 


6.5 


Alclad 2US-TS1 1 


39225" 


63,500 ' 


57.900 


7.0 



Note: The above values are results of single tests in with~ 
grain direction. Type of specimen shown in fig. 2 of' reference 2. 
5 percent alclad coating on each side. -~ .'. 



TABLE III.- AVERAGE RATIOS 03? HEARING- TO TENSILE STRENGTH 
EOR'XA.75S-T AND 24S-TS1 SHEET 



Alloy and 


Edge distance = 
1.5 X pin diam. 


Edge distance = 
2 x pin diam. 


Edge distance = 
4- x 7 in iirm.' 


temper 


BS 
US 


BYS 
W 


^YS 

tTs 


BS 

¥s 


BYS 

w ■ 


TYfcf 


n-3 


1 i 

T5" :': TtE 


XA75S-T 

Alclad XA.75S-T 
24S-T81 

Alclad 24S-Tgl 


1.72 
1.62 
1.1+5 
1.54 


1.32 
1.22 
1,28 

1-33 

i 


1.51 

1.42 
1.42 

1,46, 


2.23 

•2.08 

1.97 
2.06 


1.50 
1.38 
1.43 

1.46 


1.71 
1.61 

1.59 
1.61 


2 06I 

2.35 
2.39 

2.48 


; 1.79 

I.47-I 1.71 
1.4-6 ! 1.62 

1.51 J 1.65 



Note: All bearing tests on l/4-in. diam. steel pin (D/t = 4). 
Specimens 2 in. wide loaded parallel to direction of grain. 



BS - bearing strength 
BYS - bearing yield strength (offset = 0.02 x pin diam. = 0.005 in.) 

TS - tensile strength (with grain) 
TYS - tensile yield strength (offset = 0.02 percent) (with -grain) 



CA3LB II.- HHARIITG- STH317GTES 0? XA75S-T AID 24S~~31 SHEET 



{nominal thickness, 0.064 in.] 







Bearing strengths 
(ib/sq inj 


All 07 and 


Test 


Sdfi-e distance = 
1.5 x pin diam. 


Type of 


33dge distance = 
2 x pin diam. 


Type of 


Edge distance = 
4 x uin diam. 


Type of 


temper 


111311113 er 


Intimate 


Yield 1 


faiiuro 2 


Ultimate Yield 1 

. 1 ■ • 


failure 2 


Ultimate 


Yield 1 


failure 3 


: 

3&75S-T 


1 
2 
3 

Av, 


125 ,"600 
123ig00 
125,000 
124,600 


97,000 
96,000 
96,000 
96,300 


S 

s 
s 


162,500 

159 ,hoo 
163 ,100 
161 ,700 


109 ,000 

JAK5 , UUU 

110,000 
109,000 


S 
S 
S 


178,800 
206,300 
182,500 
189,200 


170,000 
114,500 
118,000 

Till r\r\r\ 

114,200 


B 
B 
B 


Alclad Xs.75S-? : 


* 1 

2 - 

3 

Av„ 


117,500 
116,600 
116,600 
;ll6 ,900 


89,000 
87,000 
88 ,000 
88,O0Q. 


s 
s 
s 


148,500 
151,500 
150,300 
.150,100 


98,000 

100,000 
101 ,000 

99.700 


s 
s 
s 


180,400 

165,400 
i64,ioo 
i70.,ooo 


105 ,500 
IO6 ,500 
106,500 
106,200 


3 
B 
3 


24S-TS1 


1 

2 
3 

Av. 


106,000 
104,600 
102,400 
104,300 


94,000 
9^,000 
91,000 
92,700 


s 
s 
s 


143.300 
144,500 
139,400 
i42,4oo 


104,000 
102,000 

104,000 
103,500 


. s 
s 
s 


126 ,900 
179 ,000 
152,100 
172,700 


107 ,000 
106 ,500 
103 ,500 
105,700 


B 
3 
B 

1 


Alclad 24S-28T 


3 1 

2 

3 , 

Av. 


97.500 
96,800 
98,700 

97,700 


84,000 
84,000 
85,000 
84,500 


s 
s 
s 


132,300 
132,300 

127,800 
130,800 


95,000 
93,000 
91,000 
93,ooo 


s 

s' 


i46,goo 
162 ,700 

162 ,000 

157,200 


97,500 
96,000 
94,000 

95,800 


;b 
b 

B 



Soto: All teste on l/4 in. diam. steel pin (l>/t = 4). Specimens 2 in. wido loaded parallel to 
direction of grain. 

Stress corresponding to offset of 2 percent of nolo diameter from initial straight-line portion 
of 'boarine stress-hole elongation carves shown in figs. 2 to 5 (0.005 in. offset for l/4-in. diam. pin). 
'Type of fail-ore: 3 - Soaring, S - shear. 
3 5 parcant alclad coatiiig on each sido. 




microscope for measurement e of hole elongation. 
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Figs. 2,3 
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Hole elongation, in. 



Pin daimeter = 1/4 in. 
Sheet thickness = 0.064 in. 
Specimen width =2 in. 



A-l,A-2 and A-3: edge distance = 4* pin diameter 
B-l,B-2 and B-3: edge distance = 2* : pin diameter 
C-l.C-2 and C-3: edge distance - 1.5* pin diameter 



Figure 2.- Bearing stress-hole elongation curves for aluminum alloy sheet', bare 
XA75S-T. Test 12-29. • • ' ' 



160,000 



140,000 




*( 0.010 I— 

Pin diameter = 1/4 in. 
Sheet thickness = 0.064 in. 
Specimen width = 2 in. 



Hole elongation, in. 

" A-l, A-2.A-3: edge distance *= 4* pin diameter 
6-1^-2,6-3: edge distance = 2x pin diameter 
C-l,C-2,C-3i edge distance = 1.5* pin d iamefcet 



Figure 3.- Bearing stress-hole elongation curves, for aluminum alloy sheet»Alcla& 
XA^S-T. Test 12-29. " * ; 
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Figs. A,€ 




Hole elongation in. 



Pin diameter = 1/4 in. 
Cheet thickness = 0.064 in. 
SDecimen width = 2 in. 



A-l,A-2 and A-3: edge distance = 4* pin diameter 
B-l,B-2 and B-3: edge distance = 2* pin diameter 
C-l,C-2 and C-3: edge distance = 1.5* pin diameter 



Figure 4.- Bearing stress-hole elongation curves for aluminum alloy-sheet, bare 
24S-T81. Test 12-29. ■- -- 



160,000 



140,000 



: 120,000 



^100,000 




Pin diameter. = 1/4 in. 
Sheet thickness = 0.064 in-. 
Specimen width = 2 in. 



Hole elongation, in. 



A-l.A-?. and A-3: edge distance = 4* pin diameter 
B-l,B-2 and B-3: edge distance = 2* pin 'diameter 
C-l,C-2,and C-3; edge distance = 1.5X pin "diamter 



Figure 5.- Bearing stress-hole elongation curves for aluminum alloy sheet, Alcl&d 
24S-T81. Test 12-29. ' - 



